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(54) TERNARY CODE MAGNETIC RECORDING SYSTEM 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an 
information encoding method, a decoding 
method, and a digital information storage 
device which make it possible to store as much 
information as possible even when the same 
head and the same medium are used since the 
capacity of digital information storage 
increases, 

SOLUTION: A magnetic storage system 10 decode 
a binary input signal 12 into a ternary code 
16 of a code rate I. and a recording logic 
part |8 converts the ternary code into three 
states of I, 0, and AC, which are recorded on 
a medium 28 by a conventional recording head 
on a saturation basis. A signal 32 read out by 
a conventional reproducing head 30 is 
amplified, and then detected as a digital 
ternary signal 40 by a detector 38. and a 
decoder 42 converts it into a binary signal. 
Therefore, high S/N and information density 
equal to that of binary saturation recording 
are obtained by the saturation recording. The 
convolutional code of the rate 1 is used, and 
therefore information recorded on the medium 
by using absolutely minimum code symbols can 
be encoded while given redundancy to simplify 
timing control. 
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[Claim(s)] 

[Claim I] The coding approach characterized by output ting the remainder term train which 
consists of the 1st. 2nd, and 3rd 3 value sign as 3 value signs by inputting the bit string 
showing the 1st or 2nd binary sign into memory, storing an impulse response vector in this 
memory, and collapsing and processing this bit string by this vector, and carrying out 
division-process processing of the result of this convolution processing by 3. 
[Claim 2] The coding approach according to claim 1 characterized by this convolution and 
division-process processing performing this bit string through the array of a logic gate. 
[CI aim 3] The coding approach of claim I characterized by having a term corresponding to each 
bit used in order for this vector to collapse and to decide a term, and for this convolution 
and division-process processing being expressed by this 1st sign, and including the bit by 
which convolution processing is carried out, and the processing which adds this corresponding 
term by the modulo 3. 

[Claim 4] It is the approach of recording this remainder term train by the coding approach 
according to claim 1 on a magnetic medium. When it has the step which determines 3 value signs 
to which this specific remainder term is expressed to each specific **** and this specific 
remainder is expressed with 3 value signs of 1st 2 by this decision. The record approach 
of 3 value signs characterized by performing processing which determines 3 value signs of each 
remainder of this so that this magnetic medium may be in a magnetic neutral state 
substantially when this specific remainder is expressed by that of 3rd 3 value sign by this 
decision so that this magnetic medium may have the magnetization condition of the 1st or 2nd 
direct ion, respect ively. 

[Claim 5] this — the record approach of 3 value signs according to claim 4 characterized by 
the 1st and 2nd magnetization conditions being saturation states magnetically substantially. 
[Claim 6] this — the record approach of 3 value signs according to claim 5 characterized by 
the 1st and 2nd magnetization conditions being reversed polarity substantially. 
[Claim 7] Only the time amount which was able to determine the 1st and 2nd magnetization 
conditions beforehand is produced by impressing the 1st and 2nd field of reversed polarity to 
this medium substantially in the same magnitude, this — The record approach of 3 value signs 
according to claim 4 characterized by producing only the time amount which was able to 
determine this magnetic neutral state beforehand by impressing reversal of the field of 
multiple times including impressing this 1st field to this medium, and subsequently impressing 
this 2nd field. 

[Claim 8] The record approach of 3 value signs according to claim 7 characterized by the 

magnetic reversal of these multiple times including at least three reversal. 

[CI aim 9] The sign record approach according to claim 7 characterized by making it generated 

by passing a current in the coil which approached this medium in this field. 

[Claim 10] this ~ the sign record playback approach according to claim 7 characterized by 

including further the playback step which reproduces the 1st and 2nd binary signs from this 

magnetic-recording medium. 

[CI aim 11] The sign record playback approach according to claim 10 that this playback step 
detects this magnetization condition, and is characterized by including equalizing and 
decoding this magnetization condition to this binary sign further. 
[CI aim 12] The sign record approach according to claim 11 characterized by this decode 
including use of the Viterbi technique. 

[Claim 13] The storage step which is the approach of encoding the bit string which consists of 
a bit showing the 1st or 2nd binary sign, and memorizes 1 bit at a time for this bit string 
for every eel to the array of two or more storage cells. The preparation step which prepares 
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the vector of the term^BRh made the term with the 1st. 2nd, and^Br numer ic value correspond 
to each eel to each cel. The coding approach characterized by having the addition step which 
obtains the 1st result which takes the sum by the modulo 3 and is expressed by 1st. 2nd, and 
3rd 3 value sign by that cause in this term corresponding to this eel that has a bit showing 
the binary sign of this beginning. 

[Claim 14] The shift step which this train has the eel of the 1st and the last, and shifts 
this bit in this eel to a near contiguity eel by the eel of this beginning except for the eel 
of this beginning further. The coding approach according to claim 13 characterized by having 
the step which takes the sum for this term corresponding to this eel that has the bit which 
expresses the binary sign of this beginning as the storing step which stores the new bit 
showing the 1st or 2nd binary sign in this last eel by the modulo 3. 
[Claim 15] It has the step which determines 3 value signs to which this 1st result is 
expressed in case this 1st result is recorded on a magnetic medium. It is determined that this 
1st result is expressed with 3 value signs of 1st 2 that this magnetic medium has the 
magnetization condition of the 1st or 2nd direction, respectively. The sign record approach 
according to claim 13 characterized by determining that this 1st result is expressed with 3rd 
3 value sign that this magnetic medium will be in a magnetic neutral state substantially. 
[Claim 16] this — the sign record approach according to claim 15 characterized by the 1st and 
2nd magnetization conditions being saturation states magnetically substantially. 
[CI aim 17] this — the sign record approach according to claim 16 characterized by the 1st and 
2nd magnetization conditions being reversed polarity substantially. 

[Claim 18] Only the time amount which was able to determine the 1st and 2nd magnetization 
conditions is produced by impressing the 1st and 2nd field of reversed polarity to this medium 
substantially in the same magnitude, this Moreover, the sign record approach according to 
claim 15 characterized by producing only the time amount which was able to determine this 
condition of not being magnetized by impressing reversal of the field of multiple times 
including impressing this 1st field to this medium, and subsequently impressing this 2nd 
field. 

[Claim 19] The sign record approach according to claim 18 characterized by field reversal of 
these multiple times including at least three reversal. 

[Claim 20] The sign record approach according to claim 18 characterized by producing these 1st 
and 2nd fields by passing in the coil which approached this medium in the forward and negative 
current, respectively. 

[Claim 21] it was recorded by the sign record approach according to claim 15 ~ this — the 
sign record playback approach characterized by including the playback step which reproduces 
the 1st and 2nd binary signs from this magnetic-recording medium. 

[CI aim 22] The sign record playback approach according to claim 21 characterized by including 
that this playback step decodes detecting and equalizing this magnetization condition and this 
magnetization condition to this binary sign. 

[CI aim 23] The sign record playback approach according to claim 22 characterized by this 
decode using the Viterbi technique. 

[Claim 24] The sign record playback approach of claim 22 characterized by this detection and 
identification using partial response identification, 

[CI aim 25] The sign record playback approach according to claim 22 characterized by this 
detection and identification including use of PURIKODINGU and peak detection identification. 
[Claim 26] The sign record playback approach of claim 22 characterized by this detection and 
identification using judgment feedback mold identification. 

[Claim 27] The magnetic-recording approach characterized by being the approach of recording 
the 1st, 2nd. and 3rd sign on a magnetic-recording medium, expressing this 1st sign by turning 
this medium in the 1st magnetization direction, and expressing this 2nd sign by turning this 
medium in the 2nd magnetization direction, and expressing this 3rd sign by making this medium 
into a magnetic neutral state substantially. 

[Claim 28] this ~ the magnetic-recording approach according to claim 27 characterized by the 
ist and 2nd magnetization conditions being saturation states magnetically substantially. 
[Claim 29] this — the magnetic-recording approach according to claim 27 characterized by the 
1st and 2nd magnetization conditions being reversed polarity substantially. 
[Claim 30] The Ist and 2nd magnetization conditions produce only the fixed time amount by 
impressing the 1st and 2nd field of reversed polarity to this medium substantially in the same 
magnitude, this — The magnetic-recording approach according to claim 27 characterized by 
making it generated by impressing reversal of the field of the multiple times in which this 
magnetic neutral state includes that only the fixed time amount impresses this 1st field to 
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this medium, and subse^BKly impresses this 2nd field. 

[Claim 31] The magnetic-recording approach according to claim 30 characterized by field 
reversal of these multiple times including at least three reversal. 

[Claim 32] this — the magnetic-recording approach according to claim 30 that the 1st and 2nd 
record fields are characterized by being generated by passing the each forward and a negative 
current in the coil close to a medium. 

[Claim 33] further — this ~ the magnetic-recording playback approach according to claim 30 
characterized by including playback SUTEPPU ** which reproduces the 1st and 2nd binary sign 
from this magnetic-recording medium. 

[Claim 34] The magnetic-recording playback approach according to claim 33 characterized by 
including that this playback step decodes detecting and equalizing this magnetization 
condition and this magnetization condition to this binary sign. 

[Claim 35] It is equipment which records the train of the bit showing the 1st or 2nd binary 
sign on a magnetic-recording medium. A coding means to encode this bit siring as 3 value 
trains of 1st, 2nd, and 3rd 3 value sign. And the magnetic recording medium characterized by 
having the 1st or 2nd magnetization condition or record means substantially made into a 
magnetic neutral state of a direction for this medium corresponding to 1st. 2nd. and 3rd 3 
value sign according to the output of this coding means, respectively. 

[CI aim 36] The magnetic recording medium according to claim 35 characterized by this coding 
means having a division means to generate the remainder train which collapses this bit string 
and an impulse response vector, divides each of this convolution result by 3 in response to 
this convolution means to generate the train of a convolution result, and this convolution 
result, and is expressed with 1st, 2nd. and 3rd 3 value sign. 

[Claim 37] The magnetic recording medium according to claim 36 characterized by this 
convolution means and this division-process means being integrated by the array of a logic 
gate. 

[CI aim 38] The magnetic recording medium according to claim 36 characterized by this 
convolution means and this division-process means being integrated by the microprocessor. 
[Claim 39] A storing means to store this a part of bit string in the array of the eel which 
this coding means becomes from a I bit [ per eel ] eel. The array of the element of the term 
as which the 1st which the term corresponding to each eel exists and expresses an impulse 
response vector, the 2nd, and the 3rd were evaluated which it combines and has, this — the 
magnetic recording medium according to claim 35 characterized by having a means to generate 
the 1st result which adds this term corresponding to this eel with the bit showing the 1st 
binary sign by the modulo 3. and is expressed with 1st. 2nd, and 3rd 3 value sign by that 
cause. 

[Claim 40] A means for the array of this eel to have the eel of the first and the last, and to 
shift this bit in this eel to a near contiguity eel by this 1st eel except for this first cel. 
A storing means to store the new bit from this bit string in this last eel, this ~ the 
magnetic recording medium according to claim 39 characterized by having an addition means to 
generate the 2nd result which adds this term corresponding to this eel with the bit showing 
the 1st binary sign by the modulo 3, and is expressed with 1st. 2nd, and 3rd 3 value sign by 
that cause. 

[CI aim 41] The magnetic recording medium according to claim 40 characterized by this storing 
means being a register. 

[Claim 42] The magnetic recording medium according to claim 40 characterized by this storing 
means being a shift register. 

[CI aim 43] The magnetic recording medium according to claim 40 characterized by this storing 
means being random access memory. 

[Claim 44] The magnetic recording medium according to claim 39 characterized by this addition 
means being a microprocessor. 

[Claim 45] The magnetic recording medium according to claim 39 characterized by this addition 
means being the combination of a logic gate. 

[Claim 46] Further, this record means so that it may have 3 value magnetization condition in 
which the 1st and the 2nd carried out orientation magnetically [ this 1st result ] [ the 
decision means and this medium for determining with any of these 3 value signs it is expressed 
] So that it may have the 1st means following deciding whether this 1st result is expressed 
with this 1st or 2nd sign, and 3 value magnetization condition that orientation of this medium 
is not carried out magnetically substantially The magnetic recording medium according to claim 
35 characterized by having the 2nd means following deciding whether this 1st result is 
expressed with this 3rd sign. 
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[Claim 47] this -- thel^Petic recording medium according to clail^F character ized by the 
1st and 2nd magnetization conditions being saturation states magnetically substantially. 
[Claim 48] this -- the magnetic recording medium according to claim 47 characterized by the 
1st and 2nd magnetization conditions being reversed polarity substantially. 
[Claim 49] this 1st means — this — the 1st and 2nd magnetization conditions only the decided 
time interval It is the means produced by impressing the 1st and 2nd field of reversed 
polarity to this medium substantially in the same magnitude, this — the magnetic recording 
medium according to claim 46 with which this 2nd means is characterized by being a means to 
make this magnetic neutral state cause by impressing reversal of the field of multiple times 
including only the decided time interval impressing this 1st field to this medium, and 
subsequently this magnetic neutral state impressing this 2nd field. 

[Claim 50] The magnetic recording medium according to claim 49 characterized by field reversal 
of these multiple times including at least three reversal. 

[CI aim 51] this 1st and 2nd means — this — the magnetic recording medium according to claim 
49 characterized by the 1st and 2nd record field being what produced by passing a forward and 
negative current in the coil close to this medium, respectively. 

[Claim 52] The magnetic recording medium according to claim 46 characterized by having the 
high frequency signal oscillator connected to the array and this array of a logic gate, and 
this decision means, this 1st means, and this 2nd means being integrated by the array of this 
logic gate. 

[Claim 53] The magnetic recording medium according to claim 46 characterized by this decision 
means, this 1st means, and this 2nd means being integrated by this microprocessor including a 
microprocessor and the RF signal oscillator connected to this microprocessor. 
[Claim 54] it has the 1st or 2nd magnetic orientation condition for the decision means and 
this medium for deciding these which 3 value signs should be recorded, respectively — as — 
this — whether the 1st or this 2nd sign should be recorded with the 1st means following 
determining The magnetic recording medium which records the 1st, 2nd, or 3rd sign 
characterized by having the 2nd means following determining whether this 3rd sign should be 
recorded as this medium makes it a magnetic neutral state magnetically substantially. 
[Claim 55] this — the magnetic recording medium according to claim 54 characterized by the 
1st and 2nd magnetization conditions being saturation states magnetically substantially. 
[CI aim 56] this — the magnetic recording medium according to claim 55 characterized by the 
1st and 2nd magnetization conditions being reversed polarity substantially. 
[Claim 57] this 1st means — this — the 1st and 2nd magnetization conditions only the fixed 
time amount It is made to be generated by impressing the 1st and 2nd field of reversed 
polarity to this medium substantially in the same magnitude. The magnetic recording medium 
according to claim 54 characterized by having this 2nd means for making this magnetic neutral 
state cause by impressing reversal of the field of multiple times including only the time 
interval this 2nd means was decided to be impressing this 1st field to this medium, and 
subsequently impressing this 2nd field. 

[CI aim 58] The magnetic recording medium according to claim 57 characterized by field reversal 
of these multiple times including at least three reversal. 

[Claim 59] passing a forward and negative current in the coil with which these 1st and 2nd 

means approached this medium — respectively — this — the magnetic recording medium 

according to claim 57 characterized by producing the 1st and 2nd record fields. 

[CI aim 60] The magnetic recording medium according to claim 54 characterized by having had a 

microprocessor and the RF signal oscillator connected to this microprocessor, and accumulating 

this decision means, this 1st means, and this 2nd means on this microprocessor. 

[CI aim 61] The magnetic recording medium according to claim 54 characterized by having further 

the combination of a logic gate, and the RF signal oscillator connected to this association. 

and this decision means, this 1st means, and this 2nd means being integrated by the 

combination of this logic gate. 



[Translation done.] 



1/4 



2005/11/04 13:00 



JP,08-180607,A [DETAILED DESCRIPTION] 



http:/ / www4.ipdLncipi, go.jp/cgi~bin/tran_web_cgLejje 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the coding approach and magnetic recording 
medium which use 3 value channels in case [ if it says in more detail, ] digital data will be 
memorized to a magnetic storage medium, a digital magnetic-recording system and. 
[0002] 

[Description of the Prior Art] By arrival of the information age. the demand is also very 
strong to storage of digital data with the rise of the demand to digital information 
processing. Since it corresponds to this growing demand, it is required to raise the recording 
density of the information memorized by each magnetic recording medium. For example, the 
capacity of a magnetic disk drive was reinforced by one 10 times the rate of this in the past 
30 years in ten years. This explosive increment was brought about with some elements. Namely, 
mark They are proceedings by dirty . KURAIDA. OBUAIIII Like the publication in "introduction 
of a magnetic information storage technical special edition" of the 1986 or November Issue and 
a 1475-1476 pages (Mark H. Kryder, Proceeding of the IEEE, pp. 1475-1476, November 1986.) 
announcement, there is improvement in the positioning accuracy for ****** of the gap length 
and the flying height in detai led-izing of the magnetic particle in the amelioration on the 
design of a head or a disk and disk media and a head and the improvement in track density. 
[0003] When recording correctly on a magnetic storage medium, about using the sign more than 
binary [ which is expressed with "0" and "T ]. there was no advance substantially. However, 
at least four attempts to which storage capacity is made to increase are made by recording a 
sign on 3 value channels for which three signs, "0\ "T, and "2", are used. 
[0004] The 1st technique of recording information magnetically using 3 value 
magnetic-recording channel He is IEEE by an R . price etc. Transactions ON MAGUNE tex, 
September, 1978. 14 MAGU, No. 5, it was announced by 315-317 pages (R.Price et a I. IEEE 
Transaction on Magnetics, voLmag.-l4, no. 5, pp.315-317, and September 1978) — " — 
experimental and a multiple value — It is high-density disk storage system." The price etc. 
adopted AC bias, in order to linearize a magnetic-recording channel, and it recorded the 
signal of 3 level on the magnetic-recording medium. Magnetization of a medium is restricted to 
level quite lower than saturation by the demand of linearization. That is. magnetization 
serves as low level from the condition of having gathered in the specific direction with all 
the magnetic particles in some media. Consequently, higher information density can be attained 
to a S/N ratio with the higher saturation record by the binary channel, and the existing error 
frequency which was decided. 

[0005] The 2nd approach of recording information magnetically using 3 value magnetic-recording 
channel George Buoy . He is IEEE by YAKOBI. Transactions ON MAGUNE tex. November. 1981. 17 
MAGU. No. 6. Were announced by 3326-3328 pages (Geoge V. Jacoby Transactions on Magnetics. 
vol.mag.-17. no. pp. 3326-3328. and November 1981). They are "3 Value 3PM magnetic-recording 
sign and system." Jacobi is a single pulse and double. The binary saturation record with flux 
reversal which generates three output waves without a pulse and a pulse was used. 
[0006] The 3rd approach of recording information magnetically using 3 value magnetic-recording 
channel He is IEEE by C . S , tsi and KE . A . Frei. Tolan ZAKUSHONZUN MAGUNE tex. November, 
1982, 18 MAGU, No. 6. 1259-1261 pages () [ C.S.Chi ] and K. A. Frei Were announced by IEEE 
Transactions on Magnetics, vol.mag.-18. no. 6. pp. 1259-1261. and November 1982. It is "3 
Directivity CRA for value digital recording." Tsi etc. used continuous AC record signal. Three 
value signs were encoded by inserting suitable "chip" for AC signal. AC signal is recovered 
after a short time and a "chip" when AC signal reaches maximum is a "forward" doublet. A pulse 
is generated. Similarly, a "chip" in case AC signal is the minimum value is a "negative" 
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doublet. Generating a pWI, those without a "chip" do not produce^Ooublet. The doublet 
which consists of two flux reversal needs to be used for both channels described by YAKOBI. 
tsi. etc. Since it is necessary to detach flux reversal enough to form a doublet, the 
magnitude of a doublet decides the sign consistency of a record channel it. Therefore, there 
is no net gain compared with the conventional binary saturation record technique, or even if 
it is the point of information density, there is only very slight net gain. 
[0007] The 4th approach of recording information magnetically using 3 value magnetic-recording 
channel KATERINU He is IEEE by A . French etc. Transactions ON MAGUNE tex. September. 1987, 23 
MAGU, No, 5, 3678-3680 pages 0 [ Catherine ] A.French et al. IEEE Transactions on Magnetics, 
vol. mag. -23, and no. ~" (D — ) announced by 5, pp. 3678-3680, and September 1987. K) It is "as 
a result of including a Mth limit sign. 

[0008] By this channel, the wave-like peak detected by this eases the request of the 
saturation magnetic recording that that polarity changes by turns, using the flux reversal 
densely placed instead of the chip of flux reversal so that it might deny. By deletion of this 
request, a saturation magnetic-recording channel can serve as three values without not binary 
[ by the existence of a peak ] but forward, a negative peak, and a peak. This channel can be 
regarded as the escape of the binary channel of an indication to United States patent 
USP3. 227. 454 by Chao. "Zero" are expressed with even flux reversal and "1" is expressed by 
this approach by odd flux reversal. 

[0009] Since this approach has limit for example. - to which at least one "zero" must exist 
between the same polar peaks, in order of 3 value signals inputted into a channel, it is not 3 
true value channels. In order to be dependent on the information pattern with which the data 
memorized are recorded, processing is nonlinear, therefore a modulation is complicated. 
Therefore, compared with the binary saturation record technique from the former, most or a 
real target does not have the improvement which can be attained in respect of information 
density. 

[0010] There is a reduction demand of the error occurrence frequency corresponding to [ very 
in addition to the big demand ] large-capaci ty-izing to such storage to information storage 
capacity. Therefore, the utilization of coding which can respond to a timing extract, 
nonlinear reduction, and an error correction is required in many things. 
[0011] Although there is much technique in informational coding, by almost all 
magnetic-recording media, the "run length limit" (RLL) sign is used for a timing extract and 
nonlinearity reduction. The max and min of two continuous flux reversal spacing, i.e., spacing 
of direction change of the magnetization on a magnetic-recording medium, are controlled by the 
RLL sign. When the maximum spacing was decided, it is guaranteed in response to renewal of a 
timing signal with the frequent timing extract function in a detector that loss of a signal 
can be avoided. Since updating is performed only when there is a signal in which detection 
like flux reversal is possible, it needs to be guaranteed that such a signal appears 
frequently and periodically. In high recording density, it is maintained so that flux reversal 
may not approach too much with the minimum flux reversal spacing. If flux reversal approaches 
too much, interference will be caused so that signal amplitude not only decreases, but it may 
shift from the location where the signal was recorded. Consequently, timing Nonlinear effect 
which the probability of an error increases arises. 

[0012] Detection of an error of the information recorded on the magnetic-recording medium and 
correction are carried out to recording information by the redundancy addition at the time of 
coding. In order to add redundancy, it is required to add the signal of a certain amount and 
to record on a medium to the information on a certain amount. In order to avoid the fall of 
the information density on a medium, it is necessary to record a signal more densely, and it 
is a raw error as a result. A rate is worsened. 

[0013] A certain error Although it is important, since it is influenced by the coding 
approach, the information density to a rate is a code. The index of the consistency expressed 
as a rate was developed. Code Generally a rate is defined by the number of information bits of 
the average corresponding to each channel signaling. Therefore, the binary channel with two 
signals expressed with binary "0" and "1" is a code when there is no redundancy of coding. 
Rate = it is set to 1. Coding is a code [ as opposed to / since it has redundancy / a binary 
sign ]. Generally a rate always becomes a value between 1/2 and 3/4 one or less. A high code 
like eight ninths A rate takes the balance of redundancy to information density, and is 
at tained, 

[0014] The technique from the former is used by the decode approach replaced with it. By the 
doctoral dissertation in 1975 in the cull FORUNIA state university loss ANJIERUSU school which 
entitles "the convolutional code for the Mth channels", BI . Di . tolan pass (B. D.Trumpis) 
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studied application of ^IFconvolut ional code by which the coded ^Bll was extended to the 
Mth sign. M is the integer of the exponentiation of 2 here. He changed the convolut ional code 
into the Mth signal from binary, and while this maintained the code rate 1, he gave required 
redundancy. However, since the Mth realizable channel sign was not developed to magnetic 
recording, it is a code. The advantage of the convolutional code of a rate I is not realized 
yet. 
[0015] 

[Problem(s) to be Solved by the Invention] For the purpose of this invention, information is a 
code at least. An error is made in densif ication, i.e., large-capaci ty-izing, by encoding at a 
rate 1, a magnetic-recording medium memorizing, and saturation magnetic recording being used, 
having a flux reversal consistency equivalent to a binary channel, and making possible the 
system which can be modeled as a linear system. It is attaining securing a rate. 
[0016] 

[Means for Solving the Problem] Code equipped with the flux reversal consistency comparable as 
the binary channel by saturation magnetic recording in order to attain the above-mentioned 
purpose The coding system of a rate I is realized. This coding system can be modeled with a 
linear system. By making the above-mentioned technique into a starting point, in order to 
equip a system with 3 value channels and to secure the information-redundancy nature recorded, 
convolutional code-ization is used, 

[0017] In the desirable example, this invention system encodes the bit string showing the 1st 
or 2nd binary sign. The impulse response vector in which each term has the 1st, 2nd. and 3rd 
numeric value is used. The above-mentioned bit string is collapsed with the above-mentioned 
vector, the value which carried out division of the value by 3 is generated, and the remainder 
expressed with 1st, 2nd, and 3rd 3 value sign is generated. 

[0018] Moreover, this invention system records above 1st, 2nd, and 3rd 3 value sign on a 
magnetic-recording medium. 1st and 2nd 3 value sign is recorded by corresponding a 
magnetic-recording medium to the condition of the 1st and the 2nd magnetization, respectively. 
The 3rd sign is recorded when making it the above-mentioned record medium be in a magnetic 
neutral state substantially. 

[0019] this invention system has the part which reproduces further the information recorded on 
the above-mentioned record medium. The 3 above-mentioned value signs are detected 
(identification carried out further), are read as a *♦ pulse, and are decoded by the train of 
the original binary sign from 3 value signals after that, 
[0020] 

[Function] In this invention, since saturation record was used, in the given error occurrence 
frequency, a conventional high S/N ratio and information density comparable as what can be 
attained by binary record are obtained. Since there is no need of taking spacing between 
channel signs which permit a doublet, thereby, an information storing consistency can improve. 
Furthermore, since this invention can carry out modeling possible as a linear system, it can 
use a linear equalization machine [ that it is easy and low cost / technique / over a 
nonlinear channel / identification ]. The thing of the coding alphabet for which the 
convolutional code of the code rate I is used is possible further again, guaranteeing the 
minimum expansion absolutely. Moreover, since the sign of the code rate 1 was used, the 
information outputted from the input to a binary-3 value encoder and a 3 value-binary decoder 
is the same code rate, therefore control of timing is simplified. 
[0021] 

[Example] An example explains to a detail below. 

[0022] The magnetic-recording system 10 of this invention is shown in drawing 1 . In order to 
record a binary signal on a magnetic-recording medium and to reproduce, the magnetic-recording 
channel of the convolutional code from binary to three values and three values is used for 
this system. 

[0023] In drawing 1 . the binary signal (namely, bit string) of a signal line 12 is inputted 
into an encoder 14, and the above-mentioned binary signal is changed into 3 value signals 
there using a convolutional code. Three value signals 13 are outputted to the record logic 
section 18 from an encoder 14. as shown by the line 16. The record logic section 18 generates 
the current signal of forward, negative, or an alternating current corresponding to the 3 
above-mentioned value signals. The above-mentioned current signal is outputted to the 
well-known record amplifier 22 from the record logic section 18, as shown by the line 20. The 
record amplifier 22 amplifies the above-mentioned current, and as a line 24 shows, it outputs 
it to the well-known recording head 26. A recording head 26 records the above-mentioned 
current signal on the well-known digital magnetic-recording medium 28 used for information 
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storage. The reproducin^^ad 30 outputs a voltage output to a prellll^34, as it is reproduced 
by the reproducing head 30 and a line 32 shows the signal memorized by the medium 28. A preamp 
34 amplifies the voltage signal, and as a line 36 shows, it outputs the amplified output to a 
detector 38. A detector 38 outputs 3 value signals to a decoder 42. as the amplified voltage 
signal is changed into 3 value signals and a line 40 shows it. A decoder 42 changes the 3 
value signal into a binary signal, and outputs a binary signal to a line 44. 
[0024] As for drawing 2 and drawing 3 (a), (b). and (c). restricted length (K) shows the 
component of the convolutional code machine 14 from binary [ of 7 ] to three values. In 
drawing 2 . an encoder 14 has the binary adder 204 of the set of a shift register 200. pass, a 
shift, and the zero (PSZ) element 202, and a modulo 3. An adder 204 may be a microprocessor. A 
register 200 is driven with the clock pulse signal generated by the timer clock generator (not 
shown) including seven eels 200a-200g for memorizing seven bits. While only one eel is shifted 
from eel 200b to 200g. the new bit of a signal line 12 is inputted and the bit stored in 200g 
from eel 200a whenever each clock pulse came is memorized by eel 200a, the bit memorized by 
eel 200g before disappears. As for the set 202 of PSZ. the copy of the eel 200a to 200g 
contents passes these elements from seven element 202a to juxtaposition including 202g. 
[0025] In drawing 3 (a), (b). and (c). a program is possible so that 202g each may operate 
separately in pass, a shift, and zero mode from element 202a. element 202a from — 202g When 
it is in pass mode ( drawing 3 (a)), the bit copied from corresponding eel 202a-202g or 
"0" "is passed", and each 00 or 01 is inputted into an adder 204. To it. when element 
202a-202g is in shift mode ( drawing 3 (b)). the bit "0" copied from corresponding eel 
202a-202g or "T is shifted, and 00 or 10 is respectively inputted into an adder 204. When 
element 202a-202g is in zero mode ( drawing 3 (c)). although the bit corresponding to eel 
202a-202g is "0" or "T, 00 is independently inputted into an adder 204. 

[0026] The optimal input vectors which make an error min in a system 10 are [1, 1. I. 2, 0, 2. 
2] in the decimal number system. With reference to drawing 2 . this vector can be performed by 
making 202g pass, pass, pass, a shift, zero, a shift, and a shift from PSZ element 202a, 
respectively. By each shift of a register 200. an adder 204 asks for the sum of the input from 
PSZ element 202a-202g, divides the sum by 3. and outputs a remainder (binary 00. 01. 10) to 
output lines 16a and 16b. Operating so that 202g may be carried out in this way from PSZ 
element 202a and 3 value impulse response vector may be saved, an adder 204 serves to collapse 
the binary contents of a register 200 to 3 value impulse response vector. As the result, the 
binary input signal of the input signal line 12 is changed into 3 value signals which consist 
of a pair of (it corresponds to three signs) 2-bit trains, and is outputted to output lines 
16a and 16b. 

[0027] Drawing 4 shows logic actuation of the record logic section 18. and the logic section 
has the well-known high frequency oscilator 400, AND gate 402. OR gate 404. and a well-known 
voltage amplifier and the well-known bias generator 406. An oscillator 400 generates the 
signal desirably oscillated by one 4 to 6 times the frequency of the clock rate of a system of 
this. The AND gate 402 takes the AND of the output of an oscillator 400. and the reversal 
signal of signal lines 16a and I6b. The OR gate 404 takes the OR of the output of the AND gate 
402. and the signal of signal-line I6a. Thus, the output signal of the OR gate 404 corresponds 
to each that the signals of signal lines 16a and 16b are 00, 01, and 10 in a binary signal, 
and it becomes an oscillation signal, the Law signal, and a high signal. The output signal of 
the OR gate 404 is inputted into components 406. and although bias is carried out and yes and 
low signals are magnification and the same amplitude which is expressed with +1 and -1 about a 
signal there, respectively, it becomes the thing of reversed polarity. The voltage signal 
generated with components 406 is outputted to the record amplifier 22 through a signal line 
20. 

[0028] The record amplifier 22 is amplified in sufficient magnitude for a recording head 26 to 
record a signal for the signal of a signal line 20 at the magnetic-recording medium 28. Any of 
the amplifier which is used widely and is well known for the magnetic-recording system, 
especially the digital magnetic-recording system, and a head are sufficient as an amplifier 22 
and a head 26. When a yes (+1) or low (-1) signal is inputted into a recording head 26. 
well-known saturation record is used, and thereby, a field is altogether impressed 
substantially [ a particle ] in some specific regions of a medium 28 so that it may be equal 
to one of the magnetization conditions (polarity) of two opposite directions in magnetization. 
When a zero (oscillation) signal is inputted into a recording head 26, a vibration-field is 
impressed so that magnetization of the particle in the specific subregion of a medium 28 may 
carry out orientation at random, and it will be in the condition that there is no 
magnetization as the whole as a result. Yes, that is, a low signal is eliminated by the 
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vibration-signal in th^Wbregion of a ffledium 28. This can be saiW^be being record of the 
information using the condition of a channel to record by the flux reversal of the 
conventional channel. 

[0029] The information is reproduced with the well-known reproducing head 30 and a well-known 
preamp 34 after record of the information on the magnetic-recording medium 28. It is the 
technique in which both were known well and is widely available. The reproducing head 30 
generates the voltage signal corresponding to the magnetization on a medium 28. A preamp 34 
amplifies the voltage output reproduced by the reproducing head 30 to the suitable amplitude, 
and outputs a signal to a signal line 36. 

[0030] The current wave form 600 recorded on drawing 6 by the medium by the recording head 26 
corresponding to a channel condition train (+ 1, 0. + 1, 0, - 1. +1, +1. ~ 1, 0, +1) is shown. 
The voltage waveform 602 (it is equivalent to the inexact differential of a channel condition) 
corresponding to a record current read by the reproducing head 30 is united with the record 
current wave form 600, and is shown. 

[0031] Even if it uses a microprocessor (not shown), the possible detector 38 receives the 
voltage signal of a signal line 36, and equalizes it using the judgment feedback mold 
equalizer (DFE) technique for every well-known sign desirably. By using DFE, the voltage 
signal is sampled and an intersymbol interference (effect on a specific sign with ISI and a 
contiguity sign) is removed. Consequently, an ideal sampled-value train is output ted 
substantially and 3 value signs by which identification was carried out are outputted to a 
signal line 40 from a detector 38. The DFE technique expressed here is known well and is a 
large utilizable technique, 3 value signs of a signal line 40 — the sign of a signal line 16 
— the same — a bit pair (binary sign) — it is expressed with 00, 01, and 10. 
[0032] Three value signs from a detector 38 are decoded by the binary sign with a decoder 42. 
As for a decoder 42. it is desirable to use the well-known Viterbi technique (or the 
degeneration type of thing). The binary sign train inputted into a signal line 12 and the 
binary sign train which is the same as an essential target are outputted to a signal line 44. 
A decoder 42 can also use a microprocessor (not shown), 

[0033] Many formats and examples are possible for this invention. The example shown here is 
for explaining rather than it restricts invention, and can be deformed, without deviating from 
the pneuma and the range of invention. For example, if the encoder 14 shown in drawing 2 is 
taken for an example, the replacement to the storage element of other formats like random 
access memory (RAM) is possible for a shift register 200. 

[0034] As another example, when 200g is being fixed by known from PSZ component 200a. a PSZ 
component and an adder 204 can be replaced at the logical circuit shown as an example shown in 
drawing 5 . Furthermore, the impulse response vector of the base 3 of description in the 
desirable example is possible in replacing with the other numbers of the bases, for example, 
the impulse response vector of the base 4. 

[0035] As still more nearly another example, the thing using the small restricted length K can 
also carry out the convolut ional code machine 14 more greatly than the die length of the 
restricted length K= 7 in a desirable example. The impulse response vector optimized by the 
minimum error can ask the restricted length K using the calculator program shown in drawing 7 
. Such a program tests all the vectors of a Kth power individual of 3 by measuring a sink and 
the minimum error through the encoder which had all the binary trains from which 2*K may 
happen the die-length binary train which starts in the modeled encoder in I and is finished 
with it as K zero modeled. The vector which serves as max among the minimum errors is the 
optimal vector. 

[0036] As still more nearly another example, change between channel conditions is used instead 
of the condition itself, and a sign can also be recorded on a medium. The DFE technique used 
for the detector 38 can also be reoccurred by other methods, for example, partial response 
method learned well, or peak detection methods for every sign, in order to reproduce the sign 
train recorded on the magnetic-recording medium. Other encoders are required in order PURIKODO 
[ other 3 value trains showing the information by which the flux reversal was contained in the 
original sign train in 3 value sign trains / change or ]. when a peak detection method is 
used. By using a max i mum- 1 ike I i hood-decoding machine like the Viterbi detector (or the 
degeneration mold), a detector 38 and a decoder 42 may make it one component which was 
recorded on the magnetic-recording medium instead of the sign and which detects a series of 
relation and is decoded. Other data or information on formal which include the base of other 
numbers as still more nearly another example may be inputted into a signal line 12. 
[0037] Although the example about invention was shown and explanation was added, the case 
where it is adopted without the special feature that this invention has correction of the 
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large range, modi ficatW^ and insertion as opposed to the above-MBffoned indication carrying 
out usage depending on which other special features corresponded may happen. Therefore, it 
should be interpreted as the claioi written in addition being widely in agreement with the 
range of invention. 
[0038] 

[Effect of the Invention] This invention has many advantages to the conventional technique. 
Since saturation record was used for the 1st advantage, in the given error occurrence 
frequency, information density comparable as a high S/N ratio and the information density 
which can be attained by the binary record from the former is obtained. The 2nd advantage is a 
point whose information storage consistency can improve by that cause in order not to have the 
need of taking spacing between channel signs which permit a doublet. The 3rd advantage is a 
point which can be used by the linear equalization machine [ that it is easier than the 
identification technique over a nonlinear channel since this invention can carry out modeling 
possible as a linear system, and low cost ]. The 4th advantage is a point in which the thing 
of the coding alphabet for which the convolutional code of the code rate I is used is 
possible, guaranteeing the minimum expansion absolutely. Since the sign of the code rate I was 
used for the 5th advantage, the information output ted from the input to a binary-3 value 
encoder and a 3 value-binary decoder is the same code rate, therefore is a point in which 
simplification of control of timing is possible. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the coding approach and magnetic recording 
medium which use 3 value channels in case [ if it says in more detail, ] digital data will be 
memorized to a magnetic storage medium, a digital magnetic-recording system and. 
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PRIOR ART 



[Description of the Prior Art] By arrival of the information age, the demand is also very 
strong to storage of digital data with the rise of the demand to digital information 
processing. Since it corresponds to this growing demand, it is required to raise the recording 
density of the information memorized by each magnetic recording medium. For example, the 
capacity of a magnetic disk drive was reinforced by one 10 times the rate of this in the past 
30 years in ten years. This explosive increment was brought about with some elements. Namely, 
mark They are proceedings by dirty . KURAIDA. OBUAIIII Like the publication in "introduction 
of a magnetic information storage technical special edition" of the 1986 or November issue and 
a 1475-1476 pages (Mark H.Kryder, Proceeding of the IEEE, pp. 1475-1476, November 1986.) 
announcement, there is improvement in the positioning accuracy for of the gap length 

and the flying height in detai ied-izing of the magnetic particle in the amelioration on the 
design of a head or a disk and disk media and a head and the improvement in track density. 
[0003] When recording correctly on a magnetic storage medium, about using the sign more than 
binary [ which is expressed with "0" and ], there was no advance substantially. However, 
at least four attempts to which storage capacity is made to increase are made by recording a 
sign on 3 value channels for which three signs, "0", T, and "2", are used. 
[0004] The 1st technique of recording information magnetically using 3 value 
magnetic-recording channel He is IEEE by an R . price etc. Transactions ON MAGUNE tex. 
September, 1978. 14 MAGU, No. 5. it was announced by 315-317 pages (R.Price et a I. IEEE 
Transaction on Magnetics, vol. mag. -14. no. 5. pp. 315-317, and September 1978) — " ~ 
experimental and a multiple value ~ It is high-density disk storage system." The price etc. 
adopted AC bias, in order to linearize a magnetic-recording channel, and it recorded the 
signal of 3 level on the magnetic-recording medium. Magnetization of a medium is restricted to 
level quite lower than saturation by the demand of linearization. That is, magnetization 
serves as low level from the condition of having gathered in the specific direction with all 
the magnetic particles in some media. Consequently, higher information density can be attained 
to a S/N ratio with the higher saturation record by the binary channel, and the existing error 
frequency which was decided. 

[0005] The 2nd approach of recording information magnetically using 3 value magnetic-recording 
channel George Buoy . He is IEEE by YAKOBI. Transactions ON MAGUNE tex, November. 1981, 17 
MAGU. No. 6, Were announced by 3326-3328 pages (Geoge V. Jacoby Transactions on Magnetics, 
vol. mag. -17, no. pp. 3326-3328. and November 1981). They are "3 Value 3PM magnetic-recording 
sign and system." Jacobi is a single pulse and double. The binary saturation record with flux 
reversal which generates three output waves without a pulse and a pulse was used. 
[0006] The 3rd approach of recording information magnetically using 3 value magnetic-recording 
channel He is IEEE by C . S . tsi and KE . A . Frei. Tolan ZAKUSHONZUN MAGUNE tex. November. 
1982. 18 MAGU. No. 6. 1259-1261 pages () [ C.S.Chi ] and K. A. Frei Were announced by IEEE 
Transactions on Magnetics, vol.mag.-18, no. 6, pp. 1259-1261, and November 1982. It is "3 
Directivity CRA for value digital recording." Tsi etc. used continuous AC record signal. Three 
value signs were encoded by inserting suitable "chip" for AC signal. AC signal is recovered 
after a short time and a "chip" when AC signal reaches maximum is a "forward" doublet. A pulse 
is generated. Similarly, a "chip" in case AC signal is the minimum value is a "negative" 
doublet. Generating a pulse, those without a "chip" do not produce a doublet. The doublet 
which consists of two flux reversal needs to be used for both channels described by YAKOBI. 
tsi. etc. Since it is necessary to detach flux reversal enough to form a doublet, the 
magnitude of a doublet decides the sign consistency of a record channel it. Therefore, there 
is no net gain compared with the conventional binary saturation record technique, or even if 
it is the point of information density, there is only very slight net gain. 
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[0007] The 4th approacl^^recording information magnetically usiflirvalue magnetic-recording 
channel KATERINU He is IEEE by A . French etc. Transactions ON MAGUNE tex, September. 1987, 23 
MAGU, No. 5, 3678-3680 pages 0 [ Catherine ] A.French et al. IEEE Transactions on Magnetics, 
vol. mag. -23, and no. ~" (D — ) announced by 5. pp. 3678-3680, and September 1987. K) It is "as 
a result of including a Mth limit sign. 

[0008] By this channel, the wave-like peak detected by this eases the request of the 
saturation magnetic recording that that polarity changes by turns, using the flux reversal 
densely placed instead of the chip of flux reversal so that it might deny. By deletion of this 
request, a saturation magnetic-recording channel can serve as three values without not binary 
[ by the existence of a peak ] but forward, a negative peak, and a peak. This channel can be 
regarded as the escape of the binary channel of an indication to United States patent 
USP3, 227. 454 by Chao. "Zero" are expressed with even flux reversal and "1" is expressed by 
this approach by odd flux reversal. 

[0009] Since this approach has limit -, for example, - to which at least one "zero" must exist 
between the same polar peaks, in order of 3 value signals inputted into a channel, it is not 3 
true value channels. In order to be dependent on the information pattern with which the data 
memorized are recorded, processing is nonlinear, therefore a modulation is complicated. 
Therefore, compared with the binary saturation record technique from the former, most or a 
real target does not have the improvement which can be attained in respect of information 
densi ty. 

[0010] There is a reduct ion demand of the error occurrence frequency corresponding to [ very 
in addition to the big demand ] large-capaci ty-izing to such storage to information storage 
capacity. Therefore, the utilization of coding which can respond to a timing extract, 
nonlinear reduction, and an error correction is required in many things. 
[0011] Although there is much technique in informational coding, by almost all 
magnetic-recording media, the "run length limit" (RLL) sign is used for a timing extract and 
nonlinearity reduction. The max and min of two continuous flux reversal spacing, i.e., spacing 
of direction change of the magnetization on a magnetic-recording medium, are controlled by the 
RLL sign. When the maximum spacing was decided, it is guaranteed in response to renewal of a 
timing signal with the frequent timing extract function in a detector that loss of a signal 
can be avoided. Since updating is performed only when there is a signal in which detection 
like flux reversal is possible, it needs to be guaranteed that such a signal appears 
frequently and periodically. In high recording density, it is maintained so that flux reversal 
may not approach too much with the minimum flux reversal spacing. If flux reversal approaches 
too much, interference will be caused so that signal amplitude not only decreases, but it may 
shift from the location where the signal was recorded. Consequently, timing Nonlinear effect 
which the probability of an error increases arises. 

[0012] Detection of an error of the information recorded on the magnetic-recording medium and 
correction are carried out to recording information by the redundancy addition at the time of 
coding. In order to add redundancy, it is required to add the signal of a certain amount and 
to record on a medium to the information on a certain amount. In order to avoid the fall of 
the information density on a medium, it is necessary to record a signal more densely, and it 
is a raw error as a result. A rate is worsened. 

[0013] A certain error Although it is important, since it is influenced by the coding 
approach, the information density to a rate is a code. The index of the consistency expressed 
as a rate was developed. Code Generally a rate is defined by the number of information bits of 
the average corresponding to each channel signaling. Therefore, the binary channel with two 
signals expressed with binary "0" and "1" is a code when there is no redundancy of coding. 
Rate = it is set to I, Coding is a code [ as opposed to / since it has redundancy / a binary 
sign ]. Generally a rate always becomes a value between 1/2 and 3/4 one or less. A high code 
like eight ninths A rate takes the balance of redundancy to information density, and is 
attained. 

[0014] The technique from the former is used by the decode approach replaced with it. By the 
doctoral dissertation in 1975 in the cull FORUNIA state university loss ANJIERUSU school which 
entitles "the convolutional code for the Mth channels", BI . Di . tolan pass (B. D. Trumpis) 
studied application of the convolutional code by which the coded signal was extended to the 
Mth sign. M is the integer of the exponentiation of 2 here. He changed the convolutional code 
into the Mth signal from binary, and while this maintained the code rate 1, he gave required 
redundancy. However, since the Mth realizable channel sign was not developed to magnetic 
recording, it is a code. The advantage of the convolutional code of a rate 1 is not realized 
yet. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] This invention has many advantages to the conventional technique. 
Since saturation record was used for the 1st advantage, in the given error occurrence 
frequency, information density comparable as a high S/N ratio and the information density 
which can be attained by the binary record from the former is obtained. The 2nd advantage is a 
point whose information storage consistency can improve by that cause in order not to have the 
need of taking spacing between channel signs which permit a doublet. The 3rd advantage is a 
point which can be used by the linear equalization machine [ that it is easier than the 
identification technique over a nonlinear channel since this invention can carry out modeling 
possible as a linear system, and low cost ]. The 4th advantage is a point in which the thing 
of the coding alphabet for which the convolut ional code of the code rate 1 is used is 
possible, guaranteeing the minimum expansion absolutely. Since the sign of the code rate 1 was 
used for the 5th advantage, the information outputted from the input to a binary-3 value 
encoder and a 3 value-binary decoder is the same code rate, therefore is a point in which 
simplification of control of timing is possible. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] For the purpose of this invention, information is a 
code at least. An error is made in densi f ication, i.e., large-capaci ty-izing. by encoding at a 
rate U a magnetic-recording medium memorizing, and saturation magnetic recording being used, 
having a flux reversal consistency equivalent to a binary channel, and making possible the 
system which can be modeled as a linear system. It is attaining securing a rate. 
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MEANS 



[Means for Solving the Problem] Code equipped with the flux reversal consistency comparable as 
the binary channel by saturation magnetic recording in order to attain the above-mentioned 
purpose The coding system of a rate 1 is realized. This coding system can be modeled with a 
linear system. By making the above-mentioned technique into a starting point, in order to 
equip a system with 3 value channels and to secure the information-redundancy nature recorded, 
convolut ional code-ization is used. 

[0017] In the desirable example, this invention system encodes the bit string showing the 1st 
or 2nd binary sign. The impulse response vector in which each term has the 1st, 2nd, and 3rd 
numeric value is used. The above-mentioned bit string is collapsed with the above-mentioned 
vector, the value which carried out division of the value by 3 is generated, and the remainder 
expressed with 1st. 2nd, and 3rd 3 value sign is generated. 

[0018] Moreover, this invention system records above 1st, 2nd. and 3rd 3 value sign on a 
magnetic-recording medium. 1st and 2nd 3 value sign is recorded by corresponding a 
magnetic-recording medium to the condition of the 1st and the 2nd magnetization, respectively. 
The 3rd sign is recorded when making it the above-mentioned record medium be in a magnetic 
neutral state substantially. 

[0019] this invention system has the part which reproduces further the information recorded on 
the above-mentioned record medium. The 3 above-mentioned value signs are detected 
(identification carried out further), are read as a ** pulse, and are decoded by the train of 
the original binary sign from 3 value signals after that. 
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3. In the drawings, any words are not translated. 



OPERATION 



[Function] In this invention, since saturation record was used, in the given error occurrence 
frequency, a conventional high S/N ratio and information density comparable as what can be 
attained by binary record are obtained. Since there is no need of taking spacing between 
channel signs which permit a doublet, thereby, an information storing consistency can improve. 
Furthermore, since this invention can carry out modeling possible as a linear system, it can 
use a linear equalization machine [ that it is easy and low cost / technique / over a 
nonlinear channel / identification ]. The thing of the coding alphabet for which the 
conyolutional code of the code rate 1 is used is possible further again, guaranteeing the 
minimum expansion absolutely. Moreover, since the sign of the code rate 1 was used, the 
information outputted from the input to a binary-3 value encoder and a 3 value-binary decoder 
is the same code rate, therefore control of timing is simplified. 
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EXAMPLE 



[Example] An example explains to a detail below. 

[0022] The magnetic-recording system 10 of this invention is shown in drawing 1 . In order to 
record a binary signal on a magnetic-recording medium and to reproduce, the magnetic-recording 
channel of the convolut ional code from binary to three values and three values is used for 
this system. 

[0023] In drawing 1 , the binary signal (namely, bit string) of a signal line 12 is inputted 
into an encoder 14, and the above-mentioned binary signal is changed into 3 value signals 
there using a convolut ional code. Three value signals 13 are output ted to the record logic 
section 18 from an encoder 14. as shown by the line 16. The record logic section 18 generates 
the current signal of forward, negative, or an alternating current corresponding to the 3 
above-mentioned value signals. The above-mentioned current signal is outputted to the 
well-known record amplifier 22 from the record logic section 18, as shown by the line 20. The 
record amplifier 22 amplifies the above-mentioned current, and as a line 24 shows, it outputs 
it to the well-known recording head 26. A recording head 26 records the above-mentioned 
current signal on the well-known digital magnetic-recording medium 28 used for information 
storage. The reproducing head 30 outputs a voltage output to a preamp 34. as it is reproduced 
by the reproducing head 30 and a line 32 shows the signal memorized by the medium 28. A preamp 
34 amplifies the voltage signal, and as a line 36 shows, it outputs the amplified output to a 
detector 38. A detector 38 outputs 3 value signals to a decoder 42. as the amplified voltage 
signal is changed into 3 value signals and a line 40 shows it. A decoder 42 changes the 3 
value signal into a binary signal, and outputs a binary signal to a line 44. 
[0024] As for drawing 2 and drawing 3 (a), (b). and (c), restricted length (K) shows the 
component of the convolut ional code machine 14 from binary [ of 7 ] to three values. In 
drawing 2 . an encoder 14 has the binary adder 204 of the set of a shift register 200, pass, a 
shift, and the zero (PSZ) element 202, and a modulo 3. An adder 204 may be a microprocessor. A 
register 200 is driven with the clock pulse signal generated by the timer clock generator (not 
shown) including seven eels 200a-200g for memorizing seven bits. While only one eel is shifted 
from eel 200b to 200g, the new bit of a signal line 12 is inputted and the bit stored in 200g 
from eel 200a whenever each clock pulse came is memorized by eel 200a, the bit memorized by 
eel 200g before disappears. As for the set 202 of PSZ. the copy of the eel 200a to 200g 
contents passes these elements from seven element 202a to juxtaposition including 202g. 
[0025] In drawing 3 (a), (b) . and (c), a program is possible so that 202g each may operate 
separately in pass, a shift, and zero mode from element 202a. element 202a from — 202g When 
it^i? in pass mode ( drawing 3 (a)), the bit "1" copied from corresponding eel 202a-202g or 
"0" "is passed", and each 00 or 01 is inputted into an adder 204. To it. when element 
202a-202g is jn^shift mode ( drawing 3 (b)), the bit "0" copied from corresponding eel 
202a-202g or T is shifted, and 00 or 10 is respectively inputted into an adder 204. When 
element 202a-202g is in zero mode ( drawing 3 (c)), although the bit corresponding to eel 
202a-202g is "0" or "T. 00 is independently inputted into an adder 204. 

[0026] The optimal input vectors which make an error rain in a system 10 are [1, I. I. 2. 0, 2. 
2] in the decimal number system. With reference to drawing 2 , this vector can be performed by 
making 202g pass, pass, pass, a shift, zero, a shift, and a shift from PSZ element 202a, 
respectively. By each shift of a register 200. an adder 204 asks for the sum of the input from 
PSZ element 202a-202g. divides the sum by 3. and outputs a remainder (binary 00. 01. 10) to 
output lines I6a and 16b. Operating so that 202g may be carried out in this way from PSZ 
element 202a and 3 value impulse response vector may be saved, an adder 204 serves to collapse 
the binary contents of a register 200 to 3 value impulse response vector. As the result, the 
binary input signal of the input signal line 12 is changed into 3 value signals which consist 
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of a pair of (it corresWas to three signs) 2-bit trains, and is^lButted to output lines 
16a and I6b. 

[0027] Drawing 4 shows logic actuation of the record logic section 18. and the logic section 
has the well-known high frequency oscilator 400. AND gate 402. OR gate 404, and a well-known 
voltage amplifier and the well-known bias generator 406. An oscillator 400 generates the 
signal desirably oscillated by one 4 to 6 times the frequency of the clock rate of a system of 
this. The AND gate 402 takes the AND of the output of an oscillator 400. and the reversal 
signal of signal lines 16a and 16b. The OR gate 404 takes the OR of the output of the AND gate 
402. and the signal of signal-line 16a. Thus, the output signal of the OR gate 404 corresponds 
to each that the signals of signal lines 16a and 16b are 00, 01, and 10 in a binary signal, 
and it becomes an oscillation signal, the Law signal, and a high signal. The output signal of 
the OR gate 404 is inputted into components 406. and although bias is carried out and yes and 
low signals are magnification and the same amplitude which is expressed with +1 and -1 about a 
signal there, respectively, it becomes the thing of reversed polarity. The voltage signal 
generated with components 406 is outputted to the record amplifier 22 through a signal line 
20. 

[0028] The record amplifier 22 is amplified in sufficient magnitude for a recording head 26 to 
record a signal for the signal of a signal line 20 at the magnetic-recording medium 28. Any of 
the amplifier which is used widely and is well known for the magnetic-recording system, 
especially the digital magnetic-recording system, and a head are sufficient as an amplifier 22 
and a head 2.6. When a yes (+1) or low (-0 signal is inputted into a recording head 26. 
well-known saturation record is used, and thereby, a field is altogether impressed 
substantially [ a particle ] in some specific regions of a medium 28 so that it may be equal 
to one of the magnetization conditions (polarity) of two opposite directions in magnetization. 
When a zero (oscillation) signal is inputted into a recording head 26, a vibration-field is 
impressed so that magnetization of the particle in the specific subregion of a medium 28 may 
carry out orientation at random, and it will be in the condition that there is no 
magnetization as the whole as a result. Yes, that is, a low signal is eliminated by the 
vibration-signal in the subregion of a medium 28. This can be said to be being record of the 
information using the condition of a channel to record by the flux reversal of the 
conventional channel. 

[0029] The information is reproduced with the well-known reproducing head 30 and a well-known 
preamp 34 after record of the information on the magnetic-recording medium 28. It is the 
technique in which both were known well and is widely available. The reproducing head 30 
generates the voltage signal corresponding to the magnetization on a medium 28. A preamp 34 
amplifies the voltage output reproduced by the reproducing head 30 to the suitable amplitude, 
and outputs a signal to a signal line 36. 

[0030] The current wave form 600 recorded on drawing 6 by the medium by the recording head 26 
corresponding to a channel condition train (+ 1. 0, + I, 0. - 1, +1. +1, - 1, 0, +1) is shown. 
The voltage waveform 602 (it is equivalent to the inexact differential of a channel condition) 
corresponding to a record current read by the reproducing head 30 is united with the record 
current wave form 600, and is shown. 

[0031] Even if it uses a microprocessor (not shown), the possible detector 38 receives the 
voltage signal of a signal line 36. and equalizes it using the judgment feedback mold 
equalizer (DFE) technique for every well-known sign desirably. By using DFE, the voltage 
signal is sampled and an intersymbol interference (effect on a specific sign with ISI and a 
contiguity sign) is removed. Consequently, an ideal sampled-value train is outputted 
substantially and 3 value signs by which identification was carried out are outputted to a 
signal line 40 from a detector 38. The DFE technique expressed here is known well and is a 
large utilizable technique. 3 value signs of a signal line 40 — the sign of a signal line 16 
~ the same — a bit pair (binary sign) —it is expressed with 00. 01, and 10. 
[0032] Three value signs from a detector 38 are decoded by the binary sign with a decoder 42. 
As for a decoder 42, it is desirable to use the well-known Viterbi technique (or the 
degeneration type of thing). The binary sign train inputted into a signal line 12 and the 
binary sign train which is the same as an essential target are outputted to a signal line 44, 
A decoder 42 can also use a microprocessor (not shown). 

[0033] Many formats and examples are possible for this invention. The example shown here is 
for explaining rather than it restricts invention, and can be deformed, without deviating from 
the pneuma and the range of invention. For example, if the encoder 14 shown in drawing 2 is 
taken for an example, the replacement to the storage element of other formats like random 
access memory (RAM) is possible for a shift register 200. 
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[0034] As another examp^^when 200g is being fixed by known f rom ll^coiDponent 200a, a PSZ 
component and an adder 204 can be replaced at the logical circuit shown as an example shown in 
drawing 5 . Furthermore, the impulse response vector of the base 3 of description in the 
desirable example is possible in replacing with the other numbers of the bases, for example, 
the impulse response vector of the base 4. 

[0035] As still more nearly another example, the thing using the small restricted length K can 
also carry out the convolut ional code machine 14 more greatly than the die length of the 
restricted length K= 7 in a desirable example. The impulse response vector optimized by the 
minimum error can ask the restricted length K using the calculator program shown in drawing 7 
. Such a program tests all the vectors of a Kth power individual of 3 by measuring a sink and 
the minimum error through the encoder which had all the binary trains from which 2*K may 
happen the die-length binary train which starts in the modeled encoder in 1 and is finished 
with it as K zero modeled. The vector which serves as max among the minimum errors is the 
optimal vector, 

[0036] As still more nearly another example, change between channel conditions is used instead 
of the condition itself, and a sign can also be recorded on a medium. The DFE technique used 
for the detector 38 can also be reoccurred by other methods, for example, partial response 
method learned well, or peak detection methods for every sign, in order to reproduce the sign 
train recorded on the magnetic-recording medium. Other encoders are required in order PURIKODO 
[ other 3 value trains showing the ' informal ion by which the flux reversal was contained in the 
original sign train in 3 value sign trains / change or ], when a peak detection method is 
used. By using a maximum-likelihood-decoding machine like the Viterbi detector (or the 
degeneration mold), a detector 38 and a decoder 42 may make it one component which was 
recorded on the magnetic-recording medium instead of the sign and which detects a series of 
relation and is decoded. Other data or information on formal which include the base of other 
numbers as still more nearly another example may be inputted into a signal line 12. 
[0037] Although the example about invention was shown and explanation was added, the case 
where it is adopted without the special feature that this invention has correction of the 
large range, modification, and insertion as opposed to the above-mentioned indication carrying 
out usage depending on which other special features corresponded may happen. Therefore, it 
should be interpreted as the claim written in addition being widely in agreement with the 
range of invention. 
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[0 0 0 4] ^mmmM&'f^^^)v^m^^xmn^m.% 
m\z^»rr^^i(r>^mt. t-jv, :/^-fx^tc<to 

1 9 7 8^, 9^. ^^14^. 3 1 

5'>'3 1 7H(R. Price et al. IEEE Transaction on M 

agnetics, vol. mag. -14, no. 5, pp. 315-317, September 

mmz 3 l^^;KD«^<&IBSLfCc D 

rf3it>t>. m#<D-mz^»^±x0mmL^f)^s>^^ 
m<D:^m\zm'orziim^r)mi\:f)m\^^u^)vtfsi^o ^ 
(Z>ji6«. 2m^^^Mz^^MQtm(o:^tim\^^s/m 
t$>^9:tb^nttx9-mm\zMh^y)m^mmmmii^ 

[0 0 0 5] 3mmnM»^^r^)]^^m^^xmm^m^ so 
m\zm»'r^m2(D:^mu. z^b-z^ ^zi}£\z 

^^'r>< ^7.. 1981 11^> T^IT^. 6 
3 3 2 6^3 3 2 8M(Geoge V. J acoby Transact! 
ons on Magnetics, vol. mag. -17, no. pp. 3326-3328, 
November 1981) tC5!S$n:t, "3® 3PMa^tE 

[0 0 0 6] 2mmmm=^^^)v^m^^xmmL^mm. 40 

Mlc:|2S-rsil3o:^fe«. v^-.xx.^-ii^-.x 

X> -^^^v-^^Ts. 1 9 8 2^, 11^, V^18 
6^, 1259'-126 1M(C. S. Chi and K. A. 
Frei IEEE Transactions on Magnetics, vol. mag.-l 
8, no. 6, pp. 1259-1261, November 1982. ) JC5!^$n 

tc. "3fflx>f >^5';na®<^;^«6co:*[6]14CRA" x^ 

\t. kzm^\zm^fi. "^tr ^nx'^^z.t\z^y)n'% 
itx^ito Kmmi'^m±mzm\^tzn(D -^it" ^m^h so 
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»^*rs« AC^i^;^r^S/J^ffi<^»<D ":Xtt" 

$nfe^^:?^;Ht, ^•fe?.'b2':5©afl2se?5>e;^s^ 

m.^<D2mmitmm^\z);t^jE^mmi)mMt\ ^ 
[0 0 0 7] 3^B«S[i2®5^^^;l/^fflViTf»«^^K^ 

1 9 8 7^. 9H. V:5f-2 3#, 
5-^* 3678'-'368 0H(Catherine A. French et 
al. IEEE Transactions on Magnetics, vol. mag. -23, 
no. 5. pp. 3678-3680, September 1987. ) iCSS^^^tl 

fc' (D, K) mmmnn^'^t^mwr x$>^o 

[0 0 0 8] :i(D^^r^)VX\t. mitR^(DX\f-t<DRt> 

o\z. fi-^mrmizmizmi^^nrzmitR^^m^^^ 
\z^r)istia^n^&m(D\f-^\t^mz^(Dmm^&it 

wm\z^r)s mmm%Bm^^^)v\t\^->^(D^m\z^ 

^2mX\tf3:<. IE. M(0}£-^. tf-^MLcD3M<h 

i^oaso co^^^Mt. ^y:t\z^^Mm^ms? 

3, 227, 454[CM^(D 2 m^^^ ^)V<Oimt^^ Z. tf)^ 

*So ZL0:^mx\t. "-tfn" \tm».o>mi[:R^xmt> 

"1" ««»:<0«MbSK-CS:b$nSo 
[0 0 0 9] zo:):fjmt. ^^^Mzxij-^ti^smm 

^0mmzmm-Mx\t. m\^mvk<D\f-^o^m\zwp 

^t'^u»^n^mw^^-y\zym^^tz^. mrn^t^ 

T. ^itm^ ^(D2 mMn^mm^\z)x.-^mmmm,(o^x 
m^'^mfs^\^±-\miih^^^\tmnmzm\ 
[0 0 10] mmM'&mm\zi^r^i^n\z±^'fs,mmz 

(D<D^x. ^-(^yi/mm. t^mm&iA. x^-iriEtc 
[0 0 11] ffi«(;)??-^>fb{c«*<<^^S^^&S7!i^ ^ 

LL?9F^Tti. aj^bfc2::)a)afts«mig-r;^:b'^a^ 
^n. m^<o&^^m.n^%^^t.fimu^n^<> mac 



—83— 




9 

x^\z^»t:mcro ^omw:. ^^^>^ x^-a> 

[0 0 12] m^m&tmi^^mmhrcmm(D:c^-(o^ 
^iE\tmmmm\znmm<DK&^iim\z^Kint^ 
nrv^So 7hA^^{tm-r^rctb\z\t. i^^m<Dmm\z lo 
n\^x. h^mcom^^^mi^mmz^m-^ziiitii^z- 

[0 0 13] *^x^-- u-Mcs*-rsffa«s«a 

" 0 " . "1 " Tgt)^n^ 2 0<Dfi-^$:}f ':::> 2 fil^^-^' 20 

V-htl«lCiaT. -|glcJil/2;5i^^3 
/Aomomzfs,^, 8/9<Z)ci:-5;5:iBv^n-H l^- 

[0 0 14] ^n\zv^t>^u^1Jmx\m^fs^^(D&% 

^■r ^ :^ 7 :j- T^i::^^ D X 7 > V X *3 
ttS 1 9 7 5 ¥cOti±i&3tT, tf-. y'^.h^ >/^X 5(? 
(B. D. Trumpi s) »«F^ftM#^^*?9F^»Cj6S$nfc& 

^5^^^^^co^sffl^w^bfco ;iiiT?Mii2c^^^^cD 

■sj t6 3^ M :;*c CO ^ -v- ^ ; W ^RF ^ B8 ^ ^ n T V i fj: o 
[0 0 15] 

[»W3&^«ftL<i:3^:t-^^Jl] *5!BJa>a«tt. ifffi 40 
[0 0 16] 

\z. m^mmm\z^^2m^^^)itmnm<DmitR 
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10 

[0 0 17] »^h^'^mmmx\t. ^^ms^T.y^AU. 

[0 0 18] ^ft. *5!?g'>X5"A«, ±12^1, S 

1, ^2<z)3fii^^«. ^n^nm^^Stmi^^mi. 

m3(Dn^\t. ±mmmmmmmmzmmvtm\zf3i^ 
^o\zr^ct\z^^xm»^n^o 
[0 0 19] *5!§Bi^x5^A«. mz. ±w.m»mmz 

^<D'^3mm^f)^^7t(D2m^^om\zm^'^n 

So 

[0 0 2 0] 

rcxy-m±m&\z:^^^x. m^(D2mm»xm^'^m 
stc, *S9g««i?^vxxA^bT^x;Mkpj«e 

fefc«>. 2«[-3fil«F^St3<|[-2fiim^g-\<DA:^ 
[00 2 1] 

[i^ifiM] s>xy%m^\xnm\zmn^ri'!>. 

[0 0 2 2] 0 1 tC. ^^HJCOaMiBSvXT^A 1 0 & 
^■Tc c:Oi/X7^A«. 2ffi©^$«5ll5»ttt«:Jcia 

s^t"Sfc8e)ic. 2m^^3^^(r>&^iL^n^h, 

[0 0 2 3] HUC:feViT> m^Sl 202fil^^ (T 

±fa2fflm^«3fflii^jc^ift$n 
So 3fflLm-^i3«. «ii 6T^^nsj:^tc, 
1 43&^eESDi;-;^a8i 8Jcm*$nso ie®n>?-/ 
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^»^y]^2e\tmmB&\zm^^6n^mm(Oy'^ 
z^^)mn.m»m^2s\z±^mmmn^^»'r^o m 
»2 B\zi&vt^nftmn\m±^y H3 oT^^^n, 

3 4 \zmti'r^o mmmmm s 4 i^-^co«km 
^^mmv. mm'^nrz.mti^»3e'^^'r^^\z. « 

ffi^&3fflm-^tC^^U 3ffle^^«4 0T^'rcfc'9 
(C, fi^S4 2JCtH*-r'5o a^»4 2«'e©3ffl#^ 

^2mm^\z^^L. 4\z2mmnt:mti'r^o 

[0 0 2 4] m2RXSm3 (a) . (b) . (c) 

hUi^7.^2 0 0. /^X. v:7h. "Ifn (PSZ) S*2 
0 2(Z)^'&i:^i^rLD3(Z)2fllllOffg2 0 4^*>t?o UO 

XiJ' 2 0 0«7t:><;obf-/ h2:fBtiT^:^c:36<D7':::)c7)-tr;i/ a? 
2 0 0a~2 0 Og^^-^^^ ^^M.^Uy^^±m ffl^ 

■^n^o ^^Uy^/^)V7.t^^^m\Z. t)V2 0 0af}^ 
^2 0 0g\Zi»m^tirz}dyh\t. ir;i/2 0 Obj5^e>2 0 
Og\Zl±)\/f^nz^y h-^tl. 2<D»rLxV>lf-; 
h;&^A:^J$n-feJl'2 0 0 aJCIBtS$n^a:i:t)tC, 

ic-ir;p2 0 og\ztm^nx\^^rc\dy hmn^r^c psz 

0»'&2 0 2\t7r:)<DSm2 0 2a:6^e>2 0 2gS:^^&'. 
2 0 0 a;&> e 2 0 Og<Drt*<Da tf— *^M^JtC-?-n^ 

[0 0 2 5] ms (a) . (b) . (c) tCcfeV^T. S 
*2 0 2a7&^^ 2 0 2g<D^n'en\tA:^. '>7 hRti^lf 

So SIR 202a ;0^^2O2g :OV^X^- H (0 3 

(a) ) **J6TS-fe;i/2 0 2a-2 0 2g;6^^ 
3hf-$n:^cbfiy h "1" X\t "0" ft "/tX" U ^ 

^ 0 ox\to ii)m»s^2 0 4\zxi3^n^o "tnizm 

U S5R2 0 2a- 2 0 2gj&^>':7 h^— H (0 3 

(b) ) (D^^tC«, ^l&f S"fe;l/2 0 2a- 2 0 2g:^^ 
i^u\f-^nrc\:fyh "0" X« "1" \tz^yh'^ti. 40 
#>«^0 0XB103^*ftI»Sg2 0 4fcA*$nS. S*2 

0 2a- 2 0 2g;5itifD^-H (0 3 (c) ) CD^^JC 
tt, ir;i'2 0 2 a- 2 0 2g\zn^<t^\iv Vti^ "0" X 

li "1" ^db^(o\zum%\zootmn^2 0A\zx'n 

[0 0 2 6] v^Xt^AI 0JC:fel.^rX^--^S/htCT'5 
SffiA*^^^ h;Hil OitftTCl, 1, 1, 2, 0. 
2. 2]T?»'5. 02S#RSU ilCD'^^ h;HiPSZSS 
2 0 2a?&^e) 2 0 2g^^n^nn7.s /tX, /^X, 
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^i^x^2 0 oo-^-n-^ncDv^htdJco, iinffs 

2 0 4ttPSZS*2 0 2 a- 2 0 2g30^ ^OA^OfP** 
S?), -^CDa^3T#JD. (2MC0 0 0, 0 1, 1 

0) ^tfl:bi»l6a. 1 6btcm:f3-rSo PSZil*2 0 2a 
jO^e 2 0 2gli^(©ct^{rUT3fil-f >/i;WXlS«r'^^ 

h;i^^«#TSi;^tci&f^b, JnSE§§2 0 4tt3ffl-r> 

n)V7.^-^^^ h)VtWX^ 2 0 0(O2ffia)|^«&g 

*5>.^«&#^TSo -^eojies^ibT, xiim'^i 2(D 
2mx^m^\t2\fv hcT)^ (3':5CD?*-^ic^i£j-rs) 
(Dm'^m&'^n^^mm^\zmk^n. m*»i6a. 

1 6b{cm:^^n5o 

[0 0 2 7] m4\metuz^y^mi %(Du-jy^mv^ 

4 0 0. 7>Fy-h4 0 2, :r7y- h 4 0 4^0^^ 
»I<3!)effiiii|i8l«?:A'1'7X5g^«4 0 6&'bO« 5gfi« 
4 0 0\iM^\^<n.i^7.f'l.(r>^U-j^V-V<OAtf^^ 
6«(Z)«ig»TS§STSfi^i£^^-rS« ANOy-h 
4 0 2 5!ffiS4 0 0 OU*. 16 a, 16b 

(r>sMm^(Dmmm^h^o oRy-h4 0 4ftAND 
y-h4 0 2<DmiiLm^Wti ^ti(Dm^<Dwmm^t 

So ^l(3!><k^JrLT. m-^jBl6a, 1 6b(Z)m^7&^2M 
^^TOO, 0 1. 10-C^Si:. ORy-h4 04© 

«-^Jc;^s. ORy-h4 0 4om:^m^ftl$iPp4 0 6 

—mmv^^ti^i^u^(^'h(D\zis.^. aBia4 0 6-e^!fe 
$nsaffiM-^«m^i6i2 o ^^bTi2»iSffiS2 2 

ffl:^^nSo 

[0 0 2 8] IS«iii|@Sg2 2«m^iS2 OfDft^^gBS 

'N-/ F 2 6;&t«i^fa®«tft:2 8 fcm^*se®*rs(^tc+ 

»;i:^^^{Iii«lirSo iS«liS§2 2a:^^y H2 ettffi^ 
iag'>X-rA, «fJCx>i^>^i$^JWKmieS'>XxATJ£< 

t><fcVio A'l' (+1) X«D- (-1) m^>5^IBS^^*y 

Y2e^\zxii^nrz.h^\z\t.. m^<Dm\^mf)m^^^ 

n. '^n(c<^0«#;(^^«#:2 8O--gBC04#^««Tfi^ 

^ (ffitt) (D^'&c^— T3tc}i8'5ck'5lcB51in$nSo -tfn 
(^S) fi^^^lBS-N^y H 2 eiCA^rj^nfct^tcH, 
2 8 a)« 

Wim^^\^xuu-mmmmmfs.m^\z^r^m^'^n 

So 

[0 0 2 9] iKMiE®«flc2 8-vO«ffi<^i2®©^. ^ 
(7)1fStt^ftIOS^^'y H 3 0 a:«3gJit!iSg3 4tCcfcO 

B^$tiSo mmth&<^^nfz&m'vh^. j£<fj 
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[0 0 3 0] 0 6tc. ^^r^)V^mn (+1. 0, + 
1, 0. — 1> +1, +1. —1. 0, +1) iC^JlSf 

i^tcffl^-r^) $IB®^ifS«?^6 0 0 ,h^t>ii:T^-ro 10 
[0 0 3 1] ^-f^a^a^y^ mm'^tT) ^fflV^T 

fepiffij&»mi83 mnms Gcommm^^^s 

m^L<\tmi^(Dnn^t(Dn^mmmmim (df 
E) ^m^m^^^^it'f^^ dVE^m^^^ctiz^r). 
m&mnui^-y^f'jy^'^n. n^m=f» (isu mm 
nn\z^^^i^nn-^<D^w ^^^D^:o^n^o "tcom 

mmmzmm^fs.i)'>':/)immi)^mt}^n. mit^ 
nrz3mnm)^^mm3 Bf)^(bmnm4o\zmtitsn 

^) 0 0, 0 iRt^i 0"es*3$nso 

[0 0 3 2] «^di§§3 8;J>^e(D3fflf^^«a-^8§4 21C 

mnui 2\zxti-^n^ 2mnnmt:^nmz^\: 
h(D'v$>^2mn^mm^m4 4\zmti^n^o m-^ 

[0 0 3 3] *5g0J«#<CDJ^iC^:^^Wd^nItBT* 5(? 

^Ltzn^?^! 4^m\Zt^t. hUS^Xi$^2 0 0 
fi^>^AT^i:X^^U (RAM) <0«|:/5:flSO?^a:<7)iH 

^m=r-\zm^^^'^mr$>^o 

[0 0 3 4] m<ommmtLX\t. PSZ*^2 0 0a 
2 0 0g;&m»]T@5£$nTVi-5«'&J;:tt. PSZ*^ 

[HiBTB^a^pjtBT^Sp ^'^tc, »^L^^mmm\z 4o 

[0 0 3 5] '^iE>\zm(DmmMhLX. g*j2.*??^S 
1 4Ji»*bVi|llB«JC:fettS»«SK=7OS$<fc0 

^Att. ^y^Mtlytzn^mzirtl^^K^moiiuX 
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ijit>^m'^2mm^2*i(Dm^ov^^^x<D2mi^i 

ill*rSJli:tw,±:t9, -r'<T<Z)3COK^{@<7)^^ h;l/^5^ 

m^^ h)vx^^o 

[0 0 3 6] '^^\zw\<Dmmmtvx. n^^t^m^eo 
h(D(Di^t>K^\z^^^)v^mm<Dmit^m^^xm»±\z 
mm'T^z.th'^mx^^c «iaifg3 8JcfflVi^nfcDF 
E^j*«> msi9^^mmz^m^nrcnnm^m±r^' 
rztb\zm(on^^t(D:^^. m^\iSi<^^nrzA-i^ 

\t. 3mnnm^'^<Dmi\:]^mf)^7€(Dn^n\z'^^nft 
mm^^rmo 3 mm\z^^x\t':ro a- H-rsfcj?) 
\z. m<on^m^'^sxi>^. tf^tfttms (xa^® 

fflS3 8 tm^^4 2\tnn<Di^t>r)\zmms.»mmz 

-XSr'&tf. ffi<D?^cox--3^»^ViJi1fS*^ffl^*Sl 2 

[0 0 3 7] mmzm-r^mmM^^i^. mm^m^tz 
\zmfi^n^^^x&^o 

[0 0 3 8] 

}sb. 2m-3mn^^h3m~2mm,^^^<r>xm^^ 
mw immz^^3mtmm^^i^7s.'rh.o>-% 

[02] Hi<O2ffi-3ffi??-^§§co«atg:/n»y^0 

[03] 02 CD (PSZ) US 2 0 2 CDgE^W;^«^K0 

[04] ^\(D^u^JvO%\B(r>mmrfuv^m 
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[0 5] mi<r>n^mi 4.(D«^<DmMm(r>upv^m& 

[0 7] 0 2«C^T«F^S&H«r-5$VMCffiffl$nfc 

[^F^oiJiW] 

1 0 aMIBSvXxA 

1 4 ^"^SS 



1 8 IBSDv^^y^ 

2 2 fB»ii>li3g 

2 6 IHS^'y K 

2 8 mmsmm» 

3 0 S^^^y h* 

3 4 m\ 

3 8 «^ai§§ 

4 2- 
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XThis is a MATLAB program that performs an exhaustive search to 
%find the optimum binary-to-ternary convolutional code for a 
Xgiven constraint length. 

k^inputC Desi red code constraint length:'); 

Xgenerate matrix I whose rows provide all necessary test inputs 

tmpl=[l:2*(k-2)]'-l; 

I (:, l)=ones(length(trapl), 1) ; 

for p=(k-l):"l:l 

tnip2=retn(trapU 2^(p-l) ; 

l(;rP+l) = (trapl-tmp2)/2'^(p-l); 

tmpl=trap2; 
end 

I (:, k+l:2*k)=2eros(len9th(tmpl), k) ; 

^generate matrix G whose rows provide all possible code vectors 

tmpl=[l:3'^k]'-l; 

for p=k:-l:l 

tmp2=reni(tmpl, 3"(p-l) ; 

G ( : . p) = ( t mpl- 1 mp2) /3* (p-1 ) ; 

tmpl=tmp2; 



%find the minimum dist. for each code, and const # shortest paths 
dmin=ones(3"k, 1)*999 
nmin=zeros(3"kp I) ; 
for inp=l:2"(k-l) 
ham=zeros(3*k, 1) ; 
for n=l:2*k)^ 
sm=zeros(3''k, 1) ; 
for p=l;min(n, k) 

sm=sm+G(:, p)*l (inp, n-p+1) ; 
end 

ham=han+(ren(sm, 3)-=0) ; 

end 

nra i n= ( ham<=dni i n ) + {nm i n, * (ham>=dra in)); 

dmi n=(ham- *(ham<=dmi n)+(droi n. *(ham>dmi n) ) ; 

end 

dm i nnmax=inan (dm i n) ; 
opt-f ind(dmin~dminmax) ; 

nminmin=min(nmi n(opt)) ; 

opt=f ind((dmin==dminmax)S(ntnin==nrainmin)) ; 

SKprint results of search 

disp(['The best codes of constraint length', num2str(k), ' are:' ]) 
disp(G(opt. :)) 

dispCThe hamming distance of these codes is: ) 
disp(dmininax) 

dispCThe number of paths at this distansis:') 
disp(nminmin) 



end 
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